Twenty-four-hour rhythms in many behavioral and physiological functions have long been ascribed to the environmental day-night cycle. Various external variables besides the alternating light and darkness also have 24-h cycles, such as temperature and humidity. The role of all these external cycles in generating rhythmicity has systematically been falsified in exclusion experiments. Finally, it was recognized that 24-h rhythms can be endogenous, that is, arise within organisms.
The first experiment that we know of was carried out by de Mairan (45) at the beginning of the 18th century. Normally, the leaves of the lMimosa plant are open during the day and closed at night. However, when de Mairan put it in constant darkness, he noticed that the leaves continued to open and close periodically.
Obviously the 24-h rhythm in the movements of the leaves is not caused by the prevailing light-dark cycle. However, de Mairan concluded that another environmental cycle must have induced this rhythmicity. Johnson (105, 106) was probably one of the first to recognize that 24-h rhythms are induced by an endogenous clock. He not only showed that his mice (Peromyscus Zeucopus) sustained an activity rhythm in constant darkness but also that the revolution or period of the cycle deviated somewhat from 24 h. Such rhythms are commonly referred to as circadian rhythms (circa: approximately; dies: day). Under constant conditions, these rhythms are free running. This makes it unlikely that the rhythm is driven by some undetected cycle in the external world.
Many circadian rhythms have now been described, from single cellular organisms to many higher species of plants and animals, in many functions. In a constant environment the rhythmicity in all of these functions is maintained. In this review we confine ourselves to the circadian system of rodents.
Despite their endogenous nature, circadian rhythms are responsive to light and to darkness (Fig. 1) . A circadian rhythm can to a certain extent be advanced or delayed, depending on the phase (or time of the cycle) at which light or dark is presented (20, 38, 42, 184, 249 Figure IB , light-induced phase shifts are shown for a hamster that is housed in constant darkness. For this nocturnal animal, presenting light at the beginning of its active period induces a phase delay, whereas light at the end of the activity causes a phase advance. Light pulses during the resting phase of the animal do not affect the rhythm, even when the animal is wakened. The time-dependent responsiveness of the circadian system is usually summarized in a phase-response curve ( Fig. IQ . When an animal is exposed to the natural light-dark cycle, light will advance or delay the circadian rhythm, depending on when the animal is exposed to the light. The consequence will be an advance for animals with a period >24 h and a delay when this period is <24 h. Thus the overall result is that the endogenous rhythm adopts the environmental period of precisely 24 h. This process is called entrainment.
The concept of an endogenous clock that was first formulated by Johnson remained largely hypothetical for another 33 years. In 1972, two research groups independently identified a structure in the anterior hypothalamus of the rat that appeared essential for circadian rhythmicity in wheel running, drinking, and the synthesis and secretion of several hormones (155,239). The localization of the 24-h clock was guided by the expectation that a neuronal connection between this clock and the optic pathways could reasonably be expected because the circadian clock is susceptible to light. By selective lesioning along the optic pathways, the suprachiasmatic nuclei (SCN) were eventually found to be essential for the circadian activity rhythm.
Consecutive lesion experiments
have demonstrated that the SCN drive a great number of other circadian rhythms in rodents, such as the sleep-wake cycle, the food intake rhythm, and the rhythm in pineal melatonin and temperature (197, 206) . In other mammalian species this function of the SCN has not been falsified (5-7, 61).
Although the SCN are a major circadian pacemaker in rodents, they may not be the only pacemaker.
An additional pacemaker in the eye may induce light-sensitivity rhythms (253), and a so-called "food anticipatory pacemaker" may explain a memory for feeding time (19, 34, 36, 198) . Third, the occurrence of rhythms in SCN-lesioned rats that are chronically treated with amphetamines could also indicate remaining oscillators in these animals (95). None of these putative pacemakers has as yet been a subject of extensive physiological research or has even been localized precisely. Knowledge on the precise function of these putative circadian pacemakers will have to await future studies.
The identification of the SCN as a circadian pacemaker makes it worthwhile to consider some new questions in this field of research: 1) How are circadian rhythms entrained by the external light-dark cycle? 2) How can the SCN generate circadian rhythms? and 3) How do the SCN control this great variety in physiological and behavioral circadian rhythms? These three questions are discussed in sections II, III, and IV of this review.
The circadian rhythm that is generated by the SCN is entrained by the external light-dark cycle. Comparative studies have indicated that the vertebrate circadian system can receive photic information through retinal, (para-) pineal, and encephalic photoreceptors (145, 206, 262 Recently the spectral sensitivity of the circadian system has been described for the hamster (249). Apparently most of this curve follows the spectral sensitivity of rhodopsin, but it decreases more rapidly toward the red wavelengths.
However, the overall similarity between the two curves indicates that rods or rodlike pigments mediate entrainment (249 (113, 207, 236) . In one study, retinal innervation of the raphe nuclei has been reported (58), which implies that the raphe projection to the SCN could be photic as well. In other studies, retinal innervation of the raphe has not been described. The terminal field of the raphe in the SCN of the rat overlaps with the projection area of the RHT and the GHT (31,157,236). 
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The significance of the raphe for the generation, expression, or control of circadian rhythms appears to be very different from the role of the geniculate afferents.
For example, as in intact rats, the free-running period of raphe-lesioned rats in continuous light is greater than the period in constant darkness (125). In geniculate-lesioned animals this typical difference between animals housed in the dark and in constant light had disappeared. Thus the GHT seems to be involved in the control of phase of the circadian pacemaker by transducing photic information to the SCN. Although the raphe receives retinal afferents (58), the effects of the median and dorsal raphe on the circadian pacemaker are not so clearly related to entrainment of the circadian pacemaker. Instead the raphe seems to be of importance in the generation of a recognizable and coherent circadian rhythm. Because neither lesions of the dorsal and median raphe nor treatments with PCPA reduce the amount of serotonin completely, it remains difficult to assess the actual importance of this neurotransmitter for the circadian system. in the response to serotonin that had undergone iontophoresis has been observed in the rat, with a two-to threefold increase in postsynaptic sensitivity to serotonin during the animals' active phase (135). A circadian rhythm also exists for the excitatory transmitter NPY. During the animals inactive period, more NPY-responsive cells could be recorded (136). The significance of the fluctuating sensitivities to NPY and serotonin inside the SCN remains unexplained.
Retinohypothalamic tract
It has, as yet, not been feasible to interrupt the RHT without damaging the optic tract. This difficulty severely constrains the current knowledge on both the significance of the GHT and of the RHT. For one thing, such an experiment would reveal whether the GHT is by itself sufficient for entrainment of the circadian pacemaker.
Conversely, it was established that the RHT is sufficient for ongoing entrainment by lesioning the geniculate nucleus. Although one should in general be cautious with the interpretation of lesion experiments, these studies suggested that the GHT is particularly important in transducing information on sustained illumination levels (180).
Such a hypothesis has at least a heuristic value in stimulating future research on the precise role of the GHT. Because selective ablation of the RHT has not been performed, the question of whether the RHT is important for one particular aspect of entrainment remains. If the neurotransmitters of the RHT were known, long-term injections with antagonists could be used instead of surgical RHT transection.
Besides NPY, acetylcholine (ACh), glutamate, and aspartate have all been implicated as important transmitters for relaying photic information to the pacemaker. They are discussed in the next section.
D. Pharmacological
Manipulation of Circadian Rhythms
Acetylcholine
Several studies have indicated that ACh may be involved in the transduction of photic information to the SCN. Zatz and Herkenham (279) have demonstrated that intraventricular injections with the cholinergic agonist carbachol in blinded mice produce small phase advances (0.5 h) in about one-third of the animals when injections take place 10 h after the onset of activity. Injections 3 h after activity onset produce phase delays (-1.0 h) in about one-half of the animals. This effect of carbachol resembles the effect of light on the circadian activity rhythm of mice (38). Complete phase-response curves for intraventricular carbachol injections have been described for hamsters that were kept in constant darkness (50, 51) or both in constant light and constant darkness (144). In both studies, phase delays were induced after injections 2 h after activity onset under both light conditions. However, phase advances late in the subjective night were not reproducible in one study (144). Instead, phase advances were observed after injections at the mid-subjective day.
It is questionable whether the shape of a phase-response curve for a particular agonist of a transmitter indicates whether the transmitter is involved in photic entrainment. For example, it is conceivable that several transmitters combine in a complex way to produce the characteristic light responsiveness of the circadian pacemaker. Studies in which agonists and antagonists of y-aminobutyric acid (GABA) were applied indeed suggest a complex mechanism to underly the phase-response curve for light pulses (186,187). Therefore one should be cautious in interpreting the shape of the carbachol-induced phase-response curve with respect to the question of whether carbachol mediates light-induced phase shifts.
Several other experiments focused on the significance of ACh for entrainment of the circadian system. Some of these are apparently in support of a putative role for ACh in photic entrainment; others, however, contradict this hypothesis. Strong evidence in favor of ACh in mediating light input to the SCN stems from Keefe et al. (111). These authors injected an anticholin-ergic drug, mecamylamine, 10 min before exposing a hamster to a short light pulse. As a result, the phase-shifting effect of light on the circadian rhythm in running wheel activity was blocked. On the other hand, depletion of the brain ACh store by central infusion of hemicholinium-3 did not interfere with the phase-shifting effect of light (173). These experiments seem to contradict one another. Possibly some substances used are not as speci .fic or effective as they are supposed to be .
Incomplete are expected to exert an (phase dependent) effect on the phase of the circadian cycle. The effects of acute glutamate injections in the area of the SCN on the free-running activity rhythm have been described for the hamster.
These injections induced phase advances during the midsubjective day and possibly induced small delays during the early subjective day (143). It is not understood why glutamate-induced phase shifts mimic the effects of dark pulses instead of light pulses. The phase advances that were obtained in hamsters free running in constant light appeared greater than the phase advances obtained in constant darkness. This could be explained by desensitization or depolarizing inactivation [as was described by Shibata et al. (221)] if glutamate is normally released in the darkness (143). The similarity between the glutamate-induced phase shifts and the dark pulse phase-response curve does not argue against this possibility (143).
y-Aminobutyric acid
Benzodiazepines potentiate the action of the mainly inhibitory neurotransmitter GABA. Triazolam is one of the short-acting benzodiazepines. When triazolam is injected intraperitoneally in hamsters that are housed in constant light or darkness, phase shifts of the free-running activity rhythm are induced (258). Under both light conditions, phase advances are observed after injections 3-9 h before the activity onset, whereas phase delays are observed at the end of the activity period. According to these authors, the similarity of the phase-response curves obtained in the light and in the darkness indicate that triazolam does not act along the photic pathways to the biological clock (258). Moreover, in blinded animals with a degenerated RHT the same phase-response curve for triazolam injections has been obtained (267). These results demonstrate that the triazolam-induced phase shifts are not mediated by the RHT (267).
In another series of experiments, the GABA antagonist bicuculline and the GABA-potentiating drug diazepam were injected intraperitoneally in the hamster in combination with light pulses at various circadian times. When hamsters are kept in constant darkness, light pulse presentation 2 h after activity onset produces phase delays, whereas light pulses delivered 6 h after the onset of activity induces phase advances of the circadian rhythm. However, phase advances but not phase delays are blocked when diazepam is injected 30 min before the light application (187). On the other hand, the injection of bicuculline blocks light-induced phase delays when it is injected 2-4 min before the light pulse (186). We review next both lines of evidence separately.
Theoretically an endogenous circadian oscillator should be able to oscillate with a period of ~24 h and should not require any oscillating input to exhibit a sustained oscillation. Circadian rhythms in electrical multiple-unit activity have been recorded inside as well as outside the SCN (103,104,210). Interestingly, in the SCN of the diurnal chipmunk, multiple-unit activity is highest when the activity outside the SCN is also maximal (210). In the nocturnal rat, the highest activity in the SCN occurs when the activity in the rest of the brain is lowest (103, 104). When the SCN is surgically isolated from the rest of the brain, electrical activity inside the SCN persists, whereas rhythms in other brain areas as well as behavioral rhythms are abolished after isolation (103, 104, 210 The dorsomedial SCN contain neurons that produce vasopressin (154, 266). These neurons are responsible for a circadian rhythm of vasopressin in the cerebrospinal fluid (217), since the rhythm is eliminated after an SCN lesion. Suprachiasmatic vasopressin release can also be recorded in a static organ culture in brain explants containing the SCN (52). In this culture system it appeared possible to measure a circadian vasopressin release for four circadian cycles (52). Thus the circadian rhythm in the isolated SCN sustains for at least four cycles.
Finally, a circadian rhythm has been measured in SCN glucose uptake (57,60,199,214,215,.218).
In the dark, glucose utilization is -50% lower than in the light-exposed phase in both nocturnal animals (rats, hamsters, and cats) and a diurnal species (squirrel monkey), with the exception of the diurnal ground squirrel (57). Rhythmicity in glucose consumption also exists in other brain areas. In the supraoptic nuclei, the rhythm in glucose consumption is reversed compared with the suprachiasmatic rhythm, whereas in the mesencephalic median raphe nuclei the activity pattern is bimodal(l99). The possibility exists that the rhythm in suprachiasmatic glucose utilization is driven by rhythmicity elsewhere in the brain. The endogenous nature of rhythmic glucose consumption in the SCN was suggested by suprachiasmatic glue0 se consumption measuremen ts in vitro . In the S CN, it was possi .ble to record a change i n 59 1 this ucos solated preparation of consumption up to 8 h after incubation that paralleled the activity changes observed in an intact animal (163).
A pacemaker function of the SCN has been suggested in many studies in which complete bilateral lesions or surgical isolation of the SCN abolished various circadian rhythms in rodents (206). These experiments, however, are not conclusive in addressing the question of whether the SCN is a pacemaker of circadian rhythmicity.
First, the SCN may function as a relay station for those particular rhythms that are abolished after SCN lesions. be concluded that the SCN are not merely a circadian oscillator but also function as a circadian pacemaker.
As yet, we lack criteria by which SCN neurons that are part of the rhythm-generating mechanism can be recognized. As a result, the distinction between the afferents of the circadian pacemaker and the pacemaker of the SCN itself is arbitrary.
For instance, visual-responsive cells of the mammalian SCN have been discussed as input to the pacemaker. However, they could just as well be part of the rhythm-generating mechanism. This also holds for the neurotransmitters that were discussed. In a developmental study of suprachiasmatic cell types in vitro, Shibata et al. (225) have shown that regularly firing neurons make up 50% of all SCN units on the 7th day after birth. These recordings were performed during those hours at which the animal is normally exposed to light. The population of regularly firing neurons increases with age up to 80% in adult rats. At day 79 ~50% of the SCN neurons show irregular patterns of firing. This proportion decreases to 19% in adult rats. Throughout all developmental stages, -1% of the suprachiasmatic neurons display a bursting discharge pattern. The proportion of regularly firing cells described in this study greatly exceeds the proportion observed in adult rats (80 vs. 16%) by Groos and Hendriks (69). Possibly a difference in the amount of calcium in the medium (2.4 vs. 1.0 mM) explains these differences. In the SCN of the hamster, 29% of the suprachiasmatic cells were found to be regular (136). The occurrence of regularly firing neurons in SCN slice preparations has been confirmed in many other studies. Thomson et al. (256) assumed the interspike interval distribution to be log normal. Without a fixed criterion for regularity they showed more generally that an increase in firing rate, and thus a decrease in mean interspike interval, is associated with more regular firing. This holds also within one cell. A reduction of mean firing rate can be realized by reducing the extracellular potassium concentration or by applying GABA. This results in a broader interval distribution.
Application of the excitatory transmitter glutamate induced a narrower interval distribution. In another study (254), regularity of the firing pattern appeared dependent on the concentration of calcium in the medium. When calcium was replaced by other divalent ions (Mg2+, Co2+, or Mn2+), regular firing was disturbed, whereas no predictable effects on discharge rate were observed. These results have been partly confirmed by Shibata et al. (226) . In their study, a calciumfree medium interfered with regular firing of suprachiasmatic neurons too. However, a lower discharge rate was also associated with the calcium-free condition in this study. Because regularity was shown to be dependent on the mean discharge rate (256), the question now arises whether either calcium or the mean discharge rate or both are of direct importance for regular firing. Comparing results obtained in vivo and in vitro leads one to consider which preparation provides the "true" discharge rate and the "true" firing pattern of SCN cells. When the SCN are investigated in vivo, the animal is intact but anesthetized.
In the slice preparation, on the other hand, the SCN is almost completely deafferented, for example, from its inhibitory input from the raphe and from its excitatory input from the IGL and vLGN. Moreover, the spontaneous discharge in slice preparations is very much dependent on the precise composition of the medium. Thus both set-ups are artificial in their own way.
Thomson et al. (256) (72-260 ML!), short membrane time constants (3.0-15.5 ms), and short-duration action potentials (0.6-1.0 ms at half-amplitude) that were often followed by afterhyperpolarizations of lo-20 mV. The action potential amplitude (&SD) was 83.8 t 12.6 mV, and the threshold for an action potential (*SD) was -47.8 t 2.2 mV.
Cells with a membrane potential less negative than -60 mV displayed spontaneous activity. The discharge rate was dependent on the membrane potential in such a way that the more negative membrane potentials were associated with less discharge.
All the spontaneously active cells exhibited a regular firing pattern. Silent cells could be activated to fire by depolarizing pulses. Depolarization induces either regular or irregular activity or a burst of spikes. an intrinsic transmitter of the SCN and inhibits most neurons. Acetylcholine excites 80% and inhibits 11% of the SCN neurons when it is iontophoresed in vivo (164). Intravenously injected nicotine also elicits more excitation than inhibition (147). A comparison between these studies, however, is difficult, because the total population of responsive neurons is not described in the latter study.
The above-mentioned transmitters are either for neuroanatomical and/ or for functional reasons associated with the input of the circadian pacemaker. Their effect on circadian rhythmicity is discussed in more detail in section II. Some other transmitters also affect suprachiasmatic discharge. In vitro, taurine inhibits 42% of SCN neurons (ZZO), whereas norepinephrine inhibits 10% (220). Nishino and Koizumi (164) found that 65% of the suprachiasmatic cells in vivo were inhibited by norepinephrine, whereas 20% were excited. In the same study, 60% of the SCN cells were inhibited by dopamine versus 11% that were excited. Nishino and Koizumi furthermore demonstrated that if the discharge of a cell is inhibited by norepinephrine, dopamine, or serotonin, it is often also depressed by the remaining monoamines.
Similarities between the suprachiasmatic nuclei and other brain areas
The SCN are assumed to be (more or less) unique in containing a circadian pacemaker. Because we lack criteria by which we can identify those SCN neurons that are involved in the generation of rhythms, we can only study SCN cells in general. These are not necessarily "pacemaker cells." Now that we have partly investigated and described the properties of SCN neurons, the question arises, To what extent are the properties of SCN cells unique? Hopefully the answer will ultimately lead to a better understanding of the machinery of this circadian pacemaker. As has been described by Van den Pol(263), the SCN are morphologically distinguishable from other hypothalamic nuclei in three aspects: I) SCN neurons are among the smallest in the brain, 2) the SCN are characterized by a paucity of axonal staining, 3) long perikaryal appositions and chains of cells exist inside the SCN. However, soma-soma appositions have also been observed in the magnocellular region of the supraoptic and paraventricular nuclei (263). Moreover, in the magnocellular region of the supraoptic and circularis nuclei, ephaptic interaction may occur (119, 259, 260, 263). Electrophysiological experiments have revealed low spontaneous discharge rates of SCN cells. Low discharge rates are not uncommon in the hypothalamus.
For example, retrochiasmatic and arcuate neurons display mean discharge rates of 5.2 Hz when recorded in vitro (70). This is very similar to the mean discharge rate in the SCN. Moreover, the occurrence of regularly firing neurons is not restricted to the SCN. Magnocellular neurons of the supraoptic and paraventricular nuclei of the hypothalamus (273) and inferior olivary neurons (127, 128) display a similar firing pattern. However, the discharge rate at which SCN neurons show regularity is much lower than the discharge rate in other brain areas. Moreover, supraoptic neurons do not require extracellular calcium to discharge regularly (255). The high input resistance of SCN neurons and their short time constants are also comparable to those of magnocellular neurons (137,263). Magnocellular neurons show afterhyperpolarizations with a similar time course (137), and at a high discharge rate, spike inactivation (47), spike broadening, and frequency adaptation occur in both types of neurons (for a discussion of these phenomena see Ref. 273). One difference that is mentioned by Wheal and Thomson (273) between SCN and magnocellular neurons is the much lower level of synaptic activity in the SCN. In conclusion, it appears that some differences exist between the electrophysiological properties of the SCN and similar brain structures.
Whether these differences are important in relation to a rhythm-generating mechanism remains unknown.
D. Machinery of Circadian Pacemaker
Prolonged exposure to constant light, constant dim light, or darkness may induce a dissociation of the free-running rhythm into two components. This phenomenon is commonly referred to as "splitting" (Fig. 2) . In mammals, splitting of the free-running rhythms in drinking, eating, and running wheel activity and in temperature has been observed (179, 183, 185, 227). When splitting occurs in one of these functions, it occurs simultaneously in the other function (227, 257). At the onset of splitting, the two components run with different periods. When they are -12 h apart, they regain a stable phase relationship and from then on they exhibit a similar period (185,257). The circadian pacemaker of the avian pineal gland resembles the SCN in some aspects. Small pieces of any part of the pineal gland still exhibit circadian rhythmicity (250). In a follow-up of this study (196) , dissociated parts of the chick pineal gland in a flow-through chamber appeared to produce melatonin in a circadian fashion. Thus the pineal appears to be composed of a population of circadian oscillators (196, 250) . Whether such small parts of SCN tissue can also function as oscillators
has not yet been investigated.
Role of action potentials f&r generation of rhythmicity
Tetrodotoxin is a reversible blocker of voltage-dependent sodium channels. Tetrodotoxin perfusion through a SCN slice preparation abolishes action potentials in the SCN (243). Thus, by perfusing TTX through the SCN, the effect of complete blocking of all sodium-dependent action potentials can be determined.
This approach was followed by Schwartz et al. (216) in the SCN of the rat. When TTX was infused into the SCN of freely moving rats for 14 days, the overt circadian activity rhythm disappeared.
This indicates that the behavioral activity rhythm is neuronally controlled via sodium-dependent action potentials (216). Neuronal efferents that mediate behavioral rhythms are discussed in section IV. On termination of the TTX infusion, the rhythm reappeared. Interestingly, the phase of the circadian cycle could be predicted from the free-running activity rhythm before the TTX infusion. Thus the endogenous oscillator had continued to run during the infusion. Had the oscillator stopped during the TTX application, it would have commenced at an unpredictable phase, depending on the moment at which TTX stopped acting.
Neuronal activity can also be blocked by injection of the local anesthetic lidocaine. The effects of lidocaine and TTX differ slightly in the way they suppress neuronal activity. Lidocaine competes with calcium for a site in the nerve membrane that controls sodium currents across the membrane (24). Possibly it also suppresses calcium-dependent spikes. Infusion of TTX or lidocaine via osmotic mini-pumps near the SCN for 3 days interferes with the circadian rhythm in food intake of the rat (Fig. 3) . Tetrodotoxin renders an arhythmic eating pattern, whereas lidocaine suppresses food intake for the duration of the infusion. This latter result remains unexplained.
After the drug application, the circadian drinking rhythm continues, which suggests that the endogenous oscillator of the SCN is not critically dependent on action potentials (G. A. Groos, unpublished data). A striking observation from these studies is the finding that retrograde labeling was never restricted to the SCN but was always accompanied by a marked labeling of the area around the SCN as well as of the subparaventricular zone (271). Implants of the dye true bl .ue in th e zona incerta, the dorsomedial nucleus, and the ventromedial nucleus labeled even more neurons in the area immediately surrounding the SCN than within the nucleus (271).
Two efferent projections of the SCN terminate in areas from which arise, in turn, afferents to the SCN. One is the IGL (271), which projects with NPY-containing fibers to the SCN. The second is the raphe (17), from which serotonergic fibers arise. Both feedback loops could allow the SCN to modulate its own input.
B. Neuropharmacology
Several attempts have been made to identify transmitter substances of these efferent systems (29, 154, 234, 261, 270). Neurochemically, cells are organized in several subfields within the SCN in a heterogeneous way (32, 265, 271). Immunocytochemistry has been used to trace the efferent fibers from the SCN. However, as the origin of immunoreactive fibers is difficult to ascertain, other tracing techniques are required.
Fibers from the SCN to the paraventricular nucleus have been described, containing vasopressin, neurophysin, and VIP (229,232). By a combination of immunohistochemistry and retrograde transport of fluorescent dyes (271), it can be shown that projections from the SCN to the midline thalamus, the subparaventricular zone, and the dorsomedial nucleus contain vasopressin-, VIP-, and neurotensin-stained fibers. These fibers follow separate pathways. Vasopressin axons run laterally around the lateral edge of the paraventricular nucleus into the dorsomedial nucleus, whereas VIP neurons do not project as far laterally but terminate caudally to the paraventricular zone (271). For a detailed study and a review on the neuropharmacology of SCN efferents, see Watts and Swanson (270).
An important finding is that the efferent fiber system of the SCN projects to the same area that receives an input from the peri-SCN as well as from the supraventricular area. This suggests some integrative or amplifying function of the latter (270). However, the question still remains to be solved as to whether this only involves the transmission of the timing signal from the SCN pacemaker already controlled by the photic signal that is presented via the RHT (203).
C. Functional Considerations
The question arises as to what degree different homeostatic control systems are affected by the efferents of the SCN. The rostra1 fibers end July 1989 CIRCADIAN PACEMAKER 699 diffusely in the medial preoptic area. This connection allows the SCN to control the intake of water, the deep body temperature, as well as the reproductive behavior. In the female rat the cyclic control of gonadotropins is exerted by the anteroventral periventricular nucleus, which also contains endings of the SCN (228, 275) . However, the control of neuroendocrine rhythms probably takes place by way of multisynaptic pathways, as there are no endings at the level of the median eminence (271). This is in contrast with earlier reports (237,244). In these studies neurons probably in the neighborhood of the SCN have been labeled (II, 271 
